Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number 



0 263 567 

A2 



© EUROPEAN PATENT APPLICATION 



Application number 87201913.8 


(sy Int CI. 4 : G01N 30/32 


© Date of filing: 07.10.87 




- 

© Priority: 1 0.1 0.86 GB 8824325 


© Applicant: PHILIPS ELECTRONIC AND 


® Date of publication of application: 


ASSOCIATED INDUSTRIES LIMITED 


Arundel Great Court 8 Arundel Street 


13.04.88 Bulletin 88TI5 


London WC2R 3DT(GB) 


(&*) Desianated Contractina States* 


© GB 


CHDEFRGBITUNLSE 


© Applicant N,V. Philips' Gloeilampenfabrieken 






Groenewoudseweg 1 




NL-5621 BA Eindhoven(NL) 




© CH DE FR IT U NL SE 




@ Inventor James, Phillip Andrew 




c/o PYE UNICAM LTD. York Street 




Cambridge CB1 2PX(GB) 




© Representative: Andrews, Arthur Stanley et al 




PHIUPS ELECTRONICS Patents and Trade 




Marks Department Centre Point New Oxford 




Street 




London WC1A 1QJ(GB) 



© Liquid chromatograph apparatus. 



® Liquid chromatograph apparatus comprises a 
plurality of solvent sources (104,105) feeding a 
pump (102) viaa proportioning vaive arrangement 
(100). The proportioning valve arrangement (100) 
has a plurality of inlets (108.109) and a single outlet 
(110) which is coupled to the inlet coupling (112) of 
the pump (102). The inlet coupling (112) is mounted 
directly on the pump head (103) and incorporates a 
^filter (1 18, Figure 3). The pump outlet (137) is fed via 
f^a tube (138) to a chromatographic separating col- 
CD umn. 

The solvent sources (104,105) are coupled to 
CO the proportioning valve inlets (108,109) via tubes 
JO (106,1 07) without the provision of separate filters. 

This gives more equal average flow rates and er>- 
Oables mor accurate proportioning of the solv nt 
n mixture to be obtained. 



r*€E 



1 ■ 

I 

— □ 



r- $2 

s 7-4- 



Xerox Copy Centre 



1 



0 263 567 



2 



LIQUID CHROMATOGRAPH APPARATUS 



The invention relates to liquid chromatograph 
apparatus comprising a plurality of solvent sources, 
a solvent proportioning valve arrangement having a 
separate inlet for each solvent and a single outlet, 
means for coupling the outlet of the proportioning s 
valve arrangement to the inlet of a pump, means 
for coupling the outlet of the pump to the iniet of a 
chromatographic separating column, and means for 
detecting the constitutents eluting from the column. 

in some applications of high performance liquid io 
chromatography (HPLC) it is necessary to form the 
mobile phase from a mixture of two or more sol- 
vents. The mixture may remain constant with time 
or when using the technique known as gradient 
elution may be continously oc stepwise varied with 75 
time. In both cases it is desirable to have as high 
an accuracy as possible in the proportions of the 
solvents in the mobile phase. The desired com- 
position may be achieved by means of a propor- 
tioning valve arrangement which comprises a piu- 20 
rality of solenoid valves or similar devices which 
connect different solvent sources to the inlet of the 
pump sequentially during the suction stroke of the 
pump. The proportion of the duration of the suction 
period for which any one solvent is connected to 25 
the pump inlet determines the proportion of that 
solvent in the mobile phase. As disclosed in our 
co-pending Application No. 8622326 (PHB33296) 
the proportioning may take place over more than 
one pump or piston cycle. Further, as disclosed in 30 
our co-pending Application No. 8622328 
(PHB33928) the proportioning valve arrangement 
may be constructed to minimise liquid flow surges 
caused by quickly operating valves. 

In practical embodiments of such solvent pro- 35 
portioning systems a filter is inserted in each of the 
solvent supply lines. Customarily these filters are 
located within each individual solvent container on 
the end of the tube which leads from the solvent 
container to the proportioning valve arrangement 40 

It is an object of the invention to enable the 
provision of liquid chromatograph apparatus in 
which two or more solvents can be accurately 
proportioned into a mixture forming a desired mo- 
bile phase, the proportioning taking place at low 45 
pressure prior to the pumping system. 

The invention provides liquid chromatograph 
apparatus as set forth in the opening paragraph 
characterised in that the means for coupling the 
outlet of the proportioning valve arrangement to the so 
inlet of the pump comprises a filter. 

A number of advantages are obtained by pro- 
viding a single filter at the inlet of the pump instead 
of individual filters at each solvent source. If sepa- 
rate filters are used it is likely that there will be a 



variation in their impedance to liquid flow and con- 
sequently in accuracies in the solvent proportions 
will then occur since the average flow rates of the 
individual solvents into the pump inlet will vary 
when switching from one solvent source to another. 
The variation in impedance to the flow of the sol- 
vents will be much reduced without the presence of 
individual filters since the impedance of the solv nt 
supply tubes is small. The pressure differential in 
the solvent supply tubes is reduced as the high 
impedance filter is between the proportioning valve 
arrangement and the inlet to the pump and this 
reduces the-likelihood of sucking air into the sys- 
tem at the tube joints. A single -filter after th 
proportioning valve arrangement is less expensiv 
than a plurality of separate filters which are neces- 
sary prior to the valve arrangement if no subse- 
quent flter is used. 

The filter may be mounted on the inlet means 
of the pump. Thus the major flow resistance on the 
inlet side of the pump is located adjacent the inlet 
and hence the pressure differential in the rest of 
the system is reduced. 

An embodiment of the invention will now be 
described, by way of example, with reference to 
the accompanying drawings, in which: 

1 Figure 1 shows in block schematic form 
liquid chromatograph apparatus according to the 
invention, 

Figure 2 shows diagrammatical ly the solvent 
supply arrangement connected to the inlet of the 
pump, and 

Figure 3 shows in cross-section the mount- 
ing of a filter on the pump head assembly. 

The liquid chromatograph apparatus shown in 
Figure 1 comprises four solvent reservoirs 1 to 4, 
which are fed via individual tubes 5 to 8 to the 
inlets of a proportioning valve arrangement 9. The 
proportioning valve arrangement is electrically op- 
erated and is controlled over line 10 from a solvent 
proportioning control arrangement 11. The outlet of 
the proportioning valve arrangement 9 is fed to the 
inlet of a pump 12. The pump 12 is controlled by 
means of a pump control circuit 13 over a line 14. 
The outlet from the pump 12 is fed to the inlet of a 
solvent mixer 15 whose outlet feeds a sample 
injection means 16. The outlet of the sample injec- 
tion means 16 is fed to the input of a separating 
column 17 whose outlet is fed to a detector 18. 
The output of the detector 18 is fed to a signal 
processing and display arrangem nt 19. As cond 
port of th sample injection m ans 16 is fed with a 
sample via a sample inlet 20. 



2 



3 



0 263 567 



4 



In operation a selected solvent is fed to the 
pump 12 via the proportioning valve arrangement 
9. The proportioning valve arrangement 9 selects 
each of the solvent sources 1 to 4 in proportion to 
the desired composition of the solvent to be fed to 
the pump, that is the solvent proportioning control 
arrangement operates the appropriate valves at the 
appropriate times to feed either a selected one of 
the solvents 1 to 4 or to feed in quick succession 
two or more solvents to the pump inlet during the 
suction stroke of the pump to provide a mixture of 
two or more solvents to be fed to the column. The 
pump control circuit 13 controls the speed of the 
pump to obtain the desired flow rate of the solvent 
The solvent mixer 15 ensures that the various 
components of the solvent to be fed to the column 
are thoroughly mixed together and comprises a 
tapering enclosed chamber having an inlet located 
adjacent its larger end and an outlet located adja- 
cent its smaller end- The solvent mixer 15 is an 
optional component of the system and may not be 
required under all operating conditions. Its use will 
depend on the system construction and H may be 
by-passed under certain conditions and in some 
systems may be omitted. Further, it could be re- 
placed by other forms of solvent mixer either static 
or dynamic. The proportioning valve arrangement 9 
may be provided, adjacent to the inlet to each 
valve, with a chamber having a solvent inlet and a 
solvent outlet the chamber being partially occupied 
by air or a gas or mixture of gases. This chamber 
is located close to the inlet port of each valve and 
relatively distant from the respective solvent con- 
taining vessel 1 to 4. For details of this proportion- 
ing valve arrangement reference should be made 
to our co-pending Application No. 8622328 
(PHB33928). 

Hitherto solvent mixing arrangements using a 
plurality of solvent sources and a proportioning 
valve arrangement prior to the inlet of the pump 
have included separate filters in each solvent sup- 
ply path. Traditionally the solvent sources have 
comprised enclosed containers or bottles having a 
tube leading from them to the corresponding inlet 
of the proportioning valve arrangement. A filter has 
been provided on the end of the tube within the 
solvent container to prevent solid particles entering 
the pump and hence the separating column. The 
provision of the separate filters in the sample con- 
tainers produces a number of problems particularly 
where accurate proportioning of the solvents is 
required and proportioning is achieved by means 
of proportioning valve arrangement which sequen- 
tially connects the solvent sources to the pump 
inlet during the suction stroke of the pump. If there 
is a difference between the flow resistances of the 
various filters then the av rage flow rat s of the 
solvents into the pump will not be equal and hence 



inaccuracies in proportioning will occur since the 
timing of the valve switching the proportioning 
vaive arrangem nt assumes equal solvent flow 
rates. Since the filters provide a significant flow 
5 resistance a pressure differential exists between 
the inlet of the pump and the solvent sources. This 
leads to the risk of sucking air into the system if 
joints between the various tubes, valve inlets and 
outlet and the pump inlet are not perfect By 

io locating the filter at the pump inlet where the seal 
can be carefully constructed, the pressure differen- 
tial in the rest of the solvent supply arrangement is 
reduced and hence the risk of sucking air into the 
system is correspondingly reduced. Further by lo- 

is eating the fitter after the proportioning valve ar- 
rangement the number of filters required is re- 
duced and the cost of the system can be cor- 
respondingly reduced. 

As shown in Figure 2 a proportioning valv 

20 arrangement 100 is mounted on a base 101 which 
also carries a pump 102 having a pump head 103. 
Two solvent sources in the form of containers 104 
and 105 are connected via respective tubes 106 
and 107 to inlets 108 and 109 of the proportioning 

25 valve arrangement 100. An outlet 110 of the pro- 
portioning valve arrangement 100 is connected via 
a tube 111 to an inlet coupling 112 on the pump 
head 103. The inlet coupling 112 connects the end 
of the tube 111 to the inlet of the pump head 103 

30 and also serves as a housing locating a filter. The 
pump 102 may be as described in our co-pending 
Application No. 8523014 (PHB33205). 

Figure 3 shows the pump head 1 03 and inl t 
coupling 112 in cross-section. The inlet coupling 

35 1 12 is a close fit in a recess 113 of the pump head 
103. An O-ring 114 provides an air and liquid tight 
seal between the recess 113 and the inlet coupling 
112. The inlet coupling 112 is circular in cross- 
section and is provided with a projection 115 on 

40 which the tube 111 fits. A recess 116 in the inlet 
coupling 112 houses a PTFE block 117 which 
locates a disc filter 118 in close proximity to a part 
spherical depression 119 in the recess 113. A 
passageway 120 extends through the inlet coupling 

45 112 to allow liquid to flow from the tube 111 to the 
filter 118. 

The pump head 103 comprises three blocks 
121, 122 and 123 which are clamped together. Th 
blocks 121 and 122 sandwich a spacer 124 which 

so includes a slot 125 to enable a passageway 126 in 
block 121 to communicate with inlet check valves 
127 and 128 housed in block 122. The block 122 
has two cylinders 129 and 132 machined in it; the 
cylinders containing pistons 131 and 132 and com- 

55 municating with respectiv inl t check valves 127 
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and 128 and outlet check valves 133 and 134. The 
outl t check vaives connect via tubes 135 and 136 
to a combining block 137 which has an utlet 137 
for connection to the chromatograph colurnn. 

The fitter 118 comprises a sintered disc of, for 
example stainless steel or PTFE. The inlet coupling 
112 is designed for easy removal from the pump 
head 103 to enable periodic replacement of the 
fitter 118 as it becomes blocked with debris. The 
inlet coupling 112 could alternatively be connected 
to the pump head 1 03 by means of a screw thread 
or any other means which would allow disconnec- 
tion to enable the filter 1 1 8 to be replaced. 

When the inlet coupling 112 takes the form 
shown in Figure 2 the filter 118 will not seat firmly 
against the depression 119 as the resilience of the 
Oring 114 will spring the inlet coupling 112 away 
from the inner surface of the recess 113. Con- 
sequently solvent may be able to leak past the 
filter 118 into the gap between the inlet coupling 
112 and the recess 113. However, the Oring 114 
will prevent liquid escaping. This construction is 
satisfactory in some circumstances but can lead to 
dead volumes of liquid which may carry over un- 
desirably into different solvent compositions. To 
avoid this a screw coupling may be provided and 
the PTFE block 117 extended upwardly around the 
filter 118 so that when the screw thread is tight- 
ened the block 117 seats against the recess and 
prevents liquid from escaping round the edges of 
the filter 11 8. 

While it is convenient to locate the filter 1 1 8 at 
the pump inlet it would be possible to mount it on 
the outlet of the proportioning valve arrangement 
and still obtain most of the advantages of the 
invention. The advantage of equal solvent flow 
rates would still be obtained as well as minimising 
the number of components required (and.hence the 
cost of the apparatus). Further the pressure dif- 
ferential caused by the filter would only affect the 
connection between the outlet of the proportioning 
valve arrangement and the inlet of the pump. 

Clearly alternative constructions could be used 
and the invention is not limited to the particular 
form of pump t filter, or proportioning valve arrange- 
ment described in the embodiment The form of 
the filter may be chosen to suit a particular pump 
construction or proportioning valve arrangement 



Claims 

1. Liquid chromatograph apparatus comprising 
a plurality of solvent sources, a solvent proportion- 
ing valve arrangement having a separate inlet for 
each solvent and a single outlet, means for cou- 
pling the outlet of the proportioning valve arrange- 
ment to the inlet of a pump, means for coupling the 



outlet of th pump to the inlet of a chromatographic 
separating column, and means for detecting the 
constituents eluting from the column, characterised 
in that the means for coupling the output of th 

5 proportioning valve arrangement to the inlet of the 
pump comprises a filter. 

2. Liquid chromatograph apparatus as claimed 
in Claim 1, characterised in that the filter is moun- 
ted on the inlet means of the pump. 

70 3. Liquid chromatograph apparatus as claimed 

in Claim 1 or Claim 2, characterised in that the 
fitter comprises a disc of sintered stainless steel or 
PTFE. 
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